chronic inflammation, oxidative stress, neurohumoral overactivity and endothelial dysfunction may explain this association and the attendant elevated CV/renal risk.
Afonso /Zalawadiya /Veeranna /Panaich / Niraj /Jacob Nephron Clin Pract 2011;119:c277-c282 c278 tional Health and Nutrition Examination Survey (NHANES) data from 1999 to 2006, we sought to explore the relationship between RDW and MA.
Methods

Study Population
NHANES is intended to assess the health and nutritional status of noninstitutionalized nationally representative children and adults in the US. Participants underwent standardized interviews, physical examination and laboratory testing. The study protocols for NHANES 1999-2006 were approved by the National Center for Health Statistics ethics/institutional review board and each participant gave their signed informed consent (for more information see http://www.cdc.gov/nchs/nhanes/irba98.htm).
Data Collection
Out of a total 41,474 participants, we identified 8,499 individuals applying exclusion criteria like age ! 20 years (n = 21,162), evidence of macroalbuminuria (n = 8,282) and individuals with missing information/variables (n = 3,531). Data were collected for demographic variables like age, gender and ethnicity (self-reported); medical comorbidities such as hypertension (defined as blood pressure 6 140/90 mm Hg or use of antihypertensive medications or physician diagnosis of hypertension), diabetes mellitus [defined as physician diagnosis of diabetes, taking oral hypoglycemic or insulin for diabetes, nonfasting plasma glucose 6 11.1 mmol/l (200 mg/ dl) or fasting plasma glucose 6 7 mmol/l (126 mg/dl), or hemoglobin A 1c 6 6.5%], smoking (lifetime smoking of 1 100 cigarettes) and hyperlipidemia (diagnosed by a physician or a serum total cholesterol 6 240 mg/dl or use of lipid lowering therapy). BMI of ! 25 was defined as normal, 25-29.9 as overweight and 6 30 as obese.
Laboratory Measurements
For detailed description of laboratory measurements, please refer to our prior published work [8] . Briefly, RDW was measured using the Beckman automated Coulter counter method of counting and sizing. Serum creatinine was standardized [1.013 ؒ serum creatinine (mg/dl) + 0.147] and estimated glomerular filtration rate (eGFR) was measured using the Modification of Diet in Renal Disease study equation [21] . Individuals were then divided into three categories based on eGFR: 1 90 (reference), 60-90 and ! 60 ml/ min/1.73 m 2 . Iron, folate and vitamin B 12 deficiency were defined per our prior published data [8] . Urine creatinine was analyzed by Jaffe reaction, and urinary albumin was measured using a solidphase fluorescent immunoassay. The urine albumin-creatinine ratio (in mg/g) was calculated by dividing the urinary albumin value by the urinary creatinine concentration. MA was defined as a urine albumin-creatinine ratio 6 30 mg/g and ! 300 mg/g. Participants with macroalbuminuria were excluded. Detailed data on NHANES survey operations are available on the NHANES website: http:// www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm.
Statistical Analysis
RDW quartiles were generated for the overall population based on its distribution in non-cases (individuals without MA). Baseline characteristics were then compared across these quartiles using a 2 test for categorical variables and ANOVA test for continuous variables. High-sensitivity C-reactive protein (hsCRP) was log-transformed to normalize its distribution. Spearman's correlation analysis between RDW and the urinary albumin-creatinine ratio (log-transformed) was performed. Multivariate adjusted logistic regression analysis was performed generating different models adjusting for demographics, comorbidities, eGFR, hsCRP, blood hemoglobin, MCV and nutritional factor deficiency (serum iron, folate and vitamin B 12 ). The variables were added to each model based on their clinical and statistical significance (p ! 0.20) upon univariate logistic regression analysis. Formal analysis for checking interaction between RDW and covariates was also performed. Statistical significance was defined as a twosided p value below 0.05 for the entire analyses. Eight-year sample weights provided by the National Center for Health Statistics were used in all analyses to incorporate the complex survey design of NHANES with appropriate reflections of stratification and clustering. All the analyses were performed using statistical software STATA, version 10 (StataCorp LP, College Station, Tex., USA). Table 1 shows baseline characteristic distribution across the quartiles of RDW. Mean age, systolic blood pressure, hemoglobin A 1c , serum creatinine and hsCRP along with the proportion of African Americans, coronary artery disease, diabetes, myocardial infarction, stroke, angina and nutritional factor deficiency increased, whereas, mean MCV and eGFR decreased with increasing RDW (p for trend ! 0.001). Spearman's correlation analysis between RDW and the urinary albumin-creatinine ratio showed a significant coefficient of 0.16 (p ! 0.001; fig. 1 ).
Results
As shown in table 2 Upon sensitivity analyses applying adjustments per model 5 (data not shown), the association between RDW and MA persisted after excluding participants with RDW 1 15% (aOR: 1.55, 95% CI: 1.38-1.74, p ! 0.001), prior history of CVD (history of coronary artery disease, stroke and congestive heart failure; aOR: 1.50, 95% CI: 1.32-1.71, p ! 0.001), diabetes (aOR: 1.56, 95% CI: 1.35-1.80, p ! 0.001), deficiency of nutritional factors (aOR: 1.63, 95% CI: 1.42-1.87, p ! 0.001) and anemics (defined as blood hemoglobin below 13 g/dl for males and below 12 g/dl for females; aOR: 1.59, 95% CI: 1.38-1.83, p ! 0.001).
Discussion
Our study results provide novel insight into the association between RDW and MA. First, we observed that RDW increases significantly as the degree of the urinary albumin-creatinine ratio (mg/g) increases. Second, a graded association between RDW and MA was observed, with the risk of MA increasing as RDW values increase. Third, the relationship between RDW and MA maintained significance across gender and ethnicity strata, independent of potential confounder comorbidities (i.e. hypertension, diabetes and obesity). Fourth, although a graded increase in the strength of association between RDW and MA with increasing degrees of inflammation (ascertained by hsCRP levels) was observed, this relationship retained significance in the setting of normal hsCRP levels as well (hsCRP ! 1 mg/l).
An attempt to understand the underlying pathophysiological association between RDW and MA might shed further light into the interaction and pathobiology of these nontraditional biomarkers as CV risk prognosticators. RDW has been proposed as a marker of chronic in- flammation [10, 12] . Similarly, MA has also been associated with the chronic inflammatory state [18] and has been implicated in the origin of early kidney damage [18] . Chronic inflammation has been shown to promote abnormal mesangial cell proliferation and increased vascular permeability leading to albuminuria [22] . Thus, albuminuria appears to reflect a higher level of chronic inflammation, which provides a plausible explanation for its association with higher RDW and adverse CV events.
In the present study, we observed a consistent relationship between RDW and MA across hsCRP strata. Significant association between RDW and MA at normal hsCRP levels suggests that clinically relevant increases in RDW levels may be present in individuals with a normal hsCRP level. Along these lines, while inflammation has been shown to lead to anisocytosis, the association between RDW and mortality has been noted to be independent of hsCRP levels [7] . It is tempting to speculate that higher RDW may well be an earlier marker of chronic subclinical inflammation than hsCRP. Alternatively, pathophysiological processes which elevate RDW other than chronic inflammation (e.g. higher oxidative stress, endothelial dysfunction and neurohumoral overactivity) might be responsible for the association between RDW and MA at normal hsCRP levels.
RDW is also found to be elevated in conditions associated with higher oxidative stress [23, 24] and has been shown to be associated with markers of oxidative stress [10] . Increased oxidative stress can induce glomerular disruption and MA [19, 22] , which in turn might explain the association with elevated RDW values.
Overstimulation of neurohumoral activity has been shown to suppress erythropoiesis and induce anemia independent of serum erythropoietin levels [25] . Prior research of patients with congestive heart failure, a condition with heightened neurohumoral activity [26] , has shown that RDW levels are chronically elevated in these patients and are associated with adverse outcomes including CV morbidity and mortality [2] [3] [4] . Similarly, higher levels of neurohumoral activity have been independently associated with a higher incidence of MA [27] . Therefore, a common ground of sympathetic overactivity might also explain the association between elevated RDW and MA.
Our study findings indicate a graded association between RDW and MA. Although the precise pathophysiologic link between this interaction was not examined in the present study, common interactions between inflammation, endothelial dysfunction, oxidative stress and neurohumoral overactivity may explain the observed association and the emerging utility of these biomarkers in the prediction of CV events ( fig. 2 ) .
Our study is a cross-sectional analysis with its inherent limitations and is thus unable to definitively comment on the causality/temporal association. Laboratory values reported in the NHANES dataset are single occasion measurements and it is possible that serial evaluations might allow superior characterization of the association between RDW and MA. However, our study derives strength from a multiethnic community-based sample cohort representative of the national US population with comprehensive evaluation that allows adjustment for multiple confounding factors.
In conclusion, our observations reveal a graded positive relationship between RDW and MA independent of multiple confounders including hsCRP. A complex interplay of overlapping pathophysiological processes might explain this novel association and their increasingly recognized linkage to adverse CV outcomes.
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